Abstract. Mediator complex subunit 15 (MED15) is a coactivator involved in the regulated transcription of RNA polymerase II-dependent genes and serves an oncogenic role in numerous types of cancer. However, the expression and function of MED15 in hepatocellular carcinoma (HCC) remain unknown. In the present study, the aim was to investigate the expression and clinical significance of MED15 in HCC. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and immunohistochemical analysis revealed that MED15 mRNA and protein levels were significantly upregulated in HCC tissues compared with those in the corresponding adjacent non-tumor liver tissues. Furthermore, analyzing data from The Cancer Genome Atlas-Liver Hepatocellular Carcinoma (TCGA-LIHC) and GSE14520 datasets revealed a significant correlation between MED15 expression and the tumor size (P=0.033), Barcelona Clinic Liver Cancer stage (P=0.031), α-fetoprotein levels (P=0.002) and metastasis risk (P=0.001). Furthermore, patients with high MED15 expression levels had a shorter survival time compared with those with low MED15 expression levels (P<0.05). Univariate and multivariate analyses further revealed that MED15 may be an independent prognostic factor for the overall survival of HCC patients (hazard ratio, 1.762; 95% confidence interval, 1.077-2.882; P<0.05). In addition, MED15 expression was positively associated with hypoxia-inducible factor 1α expression in the TCGA-LIHC and GSE14520 datasets (P<0.01). In conclusion, the data reported in the present study indicated that MED15 is overexpressed in HCC and may represent a novel prognostic biomarker for patients with HCC.
Introduction
Hepatocellular carcinoma (HCC) is estimated to be the second most common cause of cancer-associated mortality worldwide, with steadily increasing morbidity and mortality rates (1, 2) . Notably, approximately 50% of the liver cancer cases and mortalities worldwide occur in China (2) . Although surgical resection and liver transplantation are regarded as sufficient treatment strategies to extend the life expectancy of certain patients with HCC (3), the prognosis of these patients remains unsatisfactory, since the disease is frequently diagnosed at an advanced stage and is typically accompanied by severe liver dysfunction. Therefore, there is an urgency to identify potential biomarkers for the early detection and prognostic prediction of HCC.
Mediator complex subunit 15 (MED15) is a subunit of the MED multiprotein complex and functions as a crucial cofactor for diverse signaling pathways, such as the sterol regulatory element-binding protein (SREBP) and transforming growth factor-β signaling pathways (4) (5) (6) (7) . It has been reported that MED15 promotes transcriptional activation in eukaryotes and has been linked to certain human diseases (7) (8) (9) . For instance, MED15 regulates the activity of the transcriptional activator SREBP and functions as a transcriptional cofactor to control lipid homeostasis in cardiovascular disease (5, 7) . In addition, previous studies have demonstrated that dysregulation of MED15 expression promotes tumorigenesis. Increased MED15 expression has been reported in several human malignancies, including breast cancer, head and neck squamous cell carcinoma (HNSCC), prostate cancer and testicular germ cell tumors (6, (10) (11) (12) (13) (14) . Furthermore, knockdown of MED15 significantly reduces the viability of cancer cells, indicating that disrupting MED15 expression may inhibit the progression of these types of cancer (10) (11) (12) ). However, the expression level of MED15 in HCC and its prognostic significance for clinical patients remain unknown.
In the present study, the aim was to investigate MED15 mRNA and protein expression levels in HCC tissues using reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and immunohistochemical analysis, respectively. The study results revealed that MED15 levels were significantly upregulated in HCC tissues as compared with those in the corresponding adjacent non-tumor liver tissues.
Additionally, analysis of The Cancer Genome Atlas-Liver Hepatocellular Carcinoma (TCGA-LIHC) and GSE14520 datasets revealed that MED15 expression levels were associated with hypoxia-inducible factor 1α (HIF-1α) expression and poor prognosis in patients with HCC. These findings suggest that MED15 serves a role in liver tumorigenesis and may be a potential therapeutic target for HCC treatment.
Materials and methods
Patients and tissue samples. The experiments of the present retrospective study were reviewed and approved by the Ethics Committee of Nanfang Hospital, Southern Medical University (Guangzhou, China). The enrolled patients had not received any anticancer therapies prior to surgery. All eligible patients provided informed consent prior to the collection of HCC specimens and corresponding adjacent non-tumor tissues. A total of 20 pairs of HCC tissues and matching adjacent non-tumor tissues were obtained from patients undergoing hepatectomy procedures between January 2014 and December 2015.
Each sample was divided into two parts, one part was immediately stored in RNA keeper tissue stabilizer (Vazyme Biotech Co., Ltd. Nanjing, China) and frozen at -80˚C prior to RNA extraction. The other was fixed overnight in 10% formaldehyde at room temperature and paraffin-embedded using conventional methods.
RNA extraction, cDNA synthesis and RT-qPCR analysis.
Total RNA was extracted from the HCC tissues and paired adjacent non-tumor liver tissues using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), according to the manufacturer's protocol. RNAse-free DNase I (Takara Biotechnology Co., Ltd., Dalian, China) was used to remove genomic DNA contamination, while the quality and concentration of total RNA were measured using a NanoDrop ® spectrophotometer (Thermo Fisher Scientific, Inc.). RNA was then transcribed into cDNA using an RT kit (Takara Biotechnology Co., Ltd.) in a 20-µl reaction volume with 1 µg RNA. Subsequently, amplification reactions were performed using a SYBR Green PCR kit from Takara Biotechnology Co., Ltd., using the following primers: MED15 sense, 5'-TGT CGT GTC TAC GGC AAC TC-3', and anti-sense, 5'-CAC TCT GCT GAG CCT GGA A-3'; β-actin sense, 5'-TCA AGA TCA TTG CTC CTC CTG A-3', and anti-sense, 5'-CTC GTC ATA CTC CTG CTT GCT G-3'. β-actin was amplified as an internal control. Gene-specific amplification was performed using a LightCycler ® 480 Instrument II (Roche Diagnostics, Basel, Switzerland). Specific conditions for the qPCR reaction were as follows: Preliminary denaturation at 95˚C for 30 sec, followed by 40 cycles of 95˚C for 5 sec, and 60˚C for 20 sec. A melting curve analysis of the PCR products was used to assess the specificity of amplification. Fold changes were calculated using the relative quantification (2 -ΔΔCq ) method (15) .
Hematoxylin and eosin staining. Human HCC tissues and matched adjacent non-tumor liver tissues were fixed in 10% formaldehyde for 24 h, dehydrated through an ethanol series for 2 h each, followed by two washes in xylene (30 min each 
TCGA-LIHC and GSE14520 datasets, Oncomine gene expression array.
In order to investigate the role of MED15 expression in HCC, the current study analyzed the TCGA-LIHC dataset (http://www.cbioportal.org/data_sets.jsp) that contains 331 HCC cases and the GSE14520 dataset (https://www.ncbi .nlm.nih.gov/geo/query/acc.cgi?acc=GSE14520) that provides 246 HCC cases (hereafter defined as the TCGA-LIHC and GSE14520 cohorts, respectively). These datasets comprise follow-up information for patients and gene expression data. Patients with available data on MED15 expression and follow-up information were included into the present study.
Correlations of MED15 expression with the clinicopathological features, overall survival (OS) and disease-free survival (DFS) of patients with HCC were analyzed. Patients were organized according to their MED15 expression levels from low to high expression, and then divided into two groups. The first third of MED15 expression was defined as the MED15-low expression group and the remainder patients were termed the MED15-high expression group. The expression of MED15 in HCC was further analyzed on Oncomine™ gene expression array (https://www.oncomine.org/resource/login.html). We used the OncoLnc online system (http://www.oncolnc .org/) to analyze the overall survival of HCC patients from the TCGA-LIHC dataset. According to the mRNA expression level of MED15 on the website, the first third of MED15 expression was defined as the MED15-low expression group and the remainder patients were termed the MED15-high expression group. And the result of patients' overall survival was presented on the website.
Gene set enrichment analysis (GSEA).
The patients were divided into two groups according to the MED15 mRNA expression level in the TCGA-LIHC dataset, which were MED15 high-and low-expressed groups. Subsequently, GSEA software (GSEA Desktop Application v3.0; Broad Institute, Inc., Cambridge, MA, USA) was used to analyze, annotate and interpret enrichment results. Prior to running GSEA, four input files were prepared; the GCT, GMT, CHIP and cls formatted files. The GMT file was created in-house, and the GCT, CHIP and cls files were downloaded from the TCGA dataset. Gene sets that were positively or negatively correlated with the MED15 high-or low-expressed groups were searched for.
Statistical analysis. Student's t-test was used to analyze the RT-qPCR results, while Mann-Whitney U-test was used to evaluate the association between MED15 expression and the clinicopathological features of patients with HCC. OS and DFS time were calculated using the Kaplan-Meier method and analyzed using log-rank tests. Cox proportional hazards modeling was used for univariate and multivariate analysis to investigate the effect of variables on survival. Conventional clinicopathological variables and MED15 expression were enrolled into a Cox univariate regression analysis. Statistically significant variables from the univariate regression model were reanalyzed using the multivariate model. Statistical analyses were conducted using SPSS version 17.0 software (SPSS, Inc., Chicago, IL, USA). All statistical tests were two-sided, and P<0.05 was considered to indicate a difference that was statistically significant.
Results

MED15 mRNA expression is elevated in HCC tissues.
To investigate MED15 mRNA expression in HCC, 20 pairs of fresh HCC specimens and their corresponding adjacent non-tumor tissues were used to measure the relative expression of MED15 by RT-qPCR. It was observed that MED15 mRNA was notably increased in HCC tissues compared with that in non-tumor liver tissues ( Fig. 1A and B) . Next, to further validate the observed MED15 dysregulation in HCC, MED15 gene expression was analyzed in patients included in the TCGA-LIHC and GSE14520 datasets. In the unpaired TCGA-LIHC cohort, MED15 expression was overexpressed in HCC tissues compared with that in non-tumor liver tissues (P<0.001; Fig. 1C ). In the paired TCGA-LIHC cohort, a similar result was observed when MED15 expression was re-assessed in 50 paired HCC samples and adjacent non-tumor liver samples (P<0.001; Fig. 1D ). These findings were further confirmed by assessing MED15 expression in the GSE14520 dataset, which revealed that MED15 was upregulated in HCC tissues compared with that in non-tumor liver tissues from both unpaired and paired GSE14520 cohorts (P<0.05; Fig. 1E and F) . Furthermore, similar results were obtained by analyzing the expression data from Oncomine gene expression array datasets (data not shown). Collectively, these data indicated that MED15 mRNA expression is elevated in HCC tissues.
MED15 protein is overexpressed in human HCC specimens.
Hematoxylin and eosin staining was conducted to distinguish HCC tissues from the corresponding adjacent non-tumor liver tissues ( Fig. 2A) . In addition, immunohistochemical analysis was used to detect the MED15 protein expression levels in human liver cancer tissues, and varying expression was observed. Positive immunostaining of MED15 appeared as granular brown-colored staining, which was mainly located in the nucleus of tumor cells (Fig. 2B) . It was also observed that MED15 protein was highly expressed in the majority of HCC tissues as compared with that in the corresponding non-tumor tissues, and 9 out of the 12 HCC samples investigated were positive for MED15 immunostaining.
To further confirm the aforementioned results, MED15 protein expression was analyzed in clinical specimens from The Human Protein Atlas. This analysis revealed that MED15 was positively and strongly expressed in HCC samples, whereas it was negatively or weakly expressed in normal hepatic tissues (Fig. 3A) . Online immunohistochemical results obtained from The Human Protein Atlas revealed that MED15 protein was strongly expressed in 7 of the HCC tissues, moderately expressed in 4 specimens and weakly expressed in 1 sample (Fig. 3B and C) . These findings indicated that MED15 protein is overexpressed in HCC.
Correlation between MED15 expression and clinicopathological characteristics of HCC. Since MED15 was upregulated in HCC, the current study attempted to explore the potential oncogenic role of MED15 in HCC. Evidence of a correlation between MED15 expression and the clinicopathological status of patients with HCC was searched in the TCGA-LIHC and GSE14520 datasets. Statistical analysis of the TCGA-LIHC cohort indicated that MED15 expression was positively associated with the neoplasm grade (P=0.005) and α-fetoprotein (AFP) levels (P=0.001). However, no statistically significant correlation was observed between MED15 and other clinicopathological features (Table I ). As summarized in Table II , significant correlations were also detected between MED15 expression and certain clinicopathological features in the GSE14520 cohort, including the tumor size (P=0.033), Barcelona Clinic Liver Cancer (BCLC) stage (P=0.031), AFP levels (P=0.002) and metastasis risk (P=0.001). However, no statistically significant association was identified between MED15 expression and other clinicopathological characteristics, such as the patient sex, age, tumor number, TNM staging, cirrhosis and relapse.
MED15 expression levels predict the clinical outcome of patients with HCC. Kaplan-Meier and log-rank test analyses were employed to test for an association between MED15 expression and the OS or DFS of the patients. The results on the TCGA-LIHC cohort data revealed that patients with highly expressed MED15 in tumor tissues exhibited a significantly shorter survival time as compared with those with low MED15 expression levels (P=0.03; Fig. 4A ). This observation was supported by the OncoLnc online system (http://www .oncolnc.org/), which was used to explore links between TCGA-LIHC survival data and mRNA, miRNA or lncRNA expression levels, and revealed that MED15 expression levels were negatively associated with the OS (P=0.028; Fig. 4B ). Furthermore, a comparative microarray analysis of gene expression was performed in the MED15-high and MED15-low expression groups using GSEA. This analysis revealed that tumor samples with high MED15 expression levels were enriched in the HCC survival reduction dataset and in the HCC recurrence increase dataset (Fig. 4C) . However, analysis of the TCGA-LIHC cohort revealed no correlation between MED15 expression and DFS (Fig. 4D) . Consistent with these findings, Kaplan-Meier and log-rank test analyses in the GSE14520 cohort demonstrated that high MED15 expression in tumor specimens was associated with a poorer outcome of patients (P=0.05 for OS and P=0.11 for DFS; Fig. 4E and F) . According to these findings, it can be deduced that a high MED15 expression predicts a worse prognosis for patients with HCC.
MED15 may be a valuable prognostic marker for patients with HCC.
Univariate and multivariate analyses were performed to estimate the prognostic variables in patients included in the TCGA-LIHC and GSE14520 cohorts. In the TCGA-LIHC cohort, univariate analysis indicated that MED15 expression was significantly associated with the OS rate of patients with HCC (P=0.032; Table III) . Multivariate analysis was then conducted using a Cox proportional hazards model and revealed that MED15 expression may be an independent prognostic factor for patients with HCC (hazard ratio (HR), 1.762; 95% confidence interval (CI), 1.077-2.882; P= 0.024). While in the GSE14520 cohort, it was indicated that the number of tumors, tumor size, BCLC staging, TNM staging, AFP level, Cirrhosis, metastasis risk and relapse rather than MED15 expression were associated with OS rate of patients with HCC via univariate analysis (Table IV) Table I . Correlation between MED15 expression and hepatocellular carcinoma clinicopathological features in The Cancer Genome Atlas-Liver Hepatocellular Carcinoma cohort. 12.664-661.334; P<0.001) were independent prognostic factors for OS rate of patients with HCC. These preliminarily results indicate that MED15 may have potential clinical value as a predictive biomarker for OS in patients with HCC, but further studies are needed to reach a clear conclusion.
MED15 expression, n -------------------------------------------------
MED15 expression is positively associated with HIF-1α in HCC.
The potential prognostic value of MED15 overexpression prompted the investigation of the mechanism that underlies its upregulation. GSEA was conducted on the MED15 overexpression group. The results revealed that Gene Ontology terms, including 'HYPOXIA' and 'HIF1A and FOXA2', were significantly enriched in MED15 overexpression group (P<0.01), which indicated that MED15 was regulated by HIF-1α (Fig. 5A ). Furthermore, a positive correlation between HIF-1α expression and MED15 expression was determined via analysis of the TCGA-LIHC and GSE14520 datasets (P<0.01; Fig. 5B) ; therefore, it is hypothesized that MED15 may be regulated by HIF-1α in HCC.
Discussion
The present study reported that MED15 is overexpressed in HCC tissues and is closely associated with the neoplasm grade, tumor size, BCLC stage and metastasis risk of patients with HCC. In addition, patients with high MED15 expression Table II . Correlation between MED15 expression and hepatocellular carcinoma clinicopathological features in the GSE14520 cohort. levels exhibited a poor disease prognosis. These observations indicated that MED15 serves a role in liver tumorigenesis and may be a potential prognostic factor for HCC. In the present study, MED15 was observed to be upregulated in human HCC specimens when compared with its expression in the corresponding adjacent non-tumor specimens. It has been reported that MED15 is dysregulated in several malignancies, including breast cancer, prostate cancer and testicular germ cell tumors (6, (11) (12) (13) . For instance, MED15 is overexpressed in tissues obtained from primary tumors, metastasizing lymph nodes and recurrent tumors, when compared with benign tissues in HNSCC (10) . Meanwhile, a previous study demonstrated that the methylation levels of the MED15 promoter were significantly elevated in DNA samples from HNSCC tissues compared with those in adjacent normal tissues. Notably, hypermethylation of the MED15 promoter in HNSCC tissues appeared to promote malignant transformation instead of functioning as a typical tumor suppressor gene (16) . These findings further confirm the oncogenic potential of MED15 in HNSCC. To date, research into the role of MED15 in cancer consistently reported its overexpression in tumor tissues and its oncogenic functions in regulating the initiation and progression of several malignancies. Furthermore, consistent with the localization of MED15 in testicular germ cell tumor tissues, prostate cancer tissues and HNSCC tissues (10, 11, 13) , the present study observed that MED15 was primarily located in the nucleus of cells in HCC tissues.
MED15 expression, n -------------------------------------------------------
The analysis conducted in the current study revealed a significant association between MED15 overexpression and a poor clinical outcome. Accumulating evidence has suggested that MED15 overexpression is a predictor of poor prognosis for several types of human cancer, including prostate cancer, HNSCC and breast cancer (6, 10, 11, 16) . Shaikhibrahim et al (11) had identified MED15 nuclear overexpression to be associated with poor prognosis in castration-resistant prostate cancer. Furthermore, it has been reported that MED15 overexpression correlates with a high mortality rate in patients with HNSCC (10). In the current study, these findings were extended to liver cancer, since MED15 overexpression was observed to be indicative of a highly lethal phenotype in HCC. The analysis of clinical data from patients with HCC patients in the TCGA-LIHC cohort further suggested that MED15 expression may be an independent prognostic survival indicator. However, similar results were not observed in the GSE14520 cohort analysis in the present study, possibly owing to inconsistent enrollment of patients at different research centers. The number of cases may also be important in the accuracy of these results, since the number of patients included in the TCGA-LIHC cohort was larger in comparison with that in the GSE14520 cohort. Nonetheless, the present study proposes that MED15 may be regarded as a novel indicator for identifying patients with a poor prognosis in HCC.
Previous studies demonstrated that certain transcription factors regulate and control the expression of specific genes (17) (18) (19) (20) . For instance, HMG box-containing protein 1 has been reported to participate in Ras-induced premature senescence by regulating p16
INK4A expression (21) . In addition, HIF-1α regulates the expression of genes encoding proteins with key roles in cancer biology (22) , which can directly activate vascular endothelial growth factor (VEGF) and VEGF receptor 1 transcription via hypoxia response element binding (23) . In the current study, GSEA was used to explore pathways that may be responsible for high MED15 expression levels, and HIF-1α was identified as one of the potential regulators. HIF-1α is known to be an important transcription factor in hypoxia response and to function in the development and progression of tumors, including liver cancer (24) (25) (26) . The results of the present study demonstrated that the expression levels of MED15 in the TCGA-LIHC and GSE14520 datasets were positively associated with HIF-1α expression, suggesting that MED15 may be a target of HIF-1α.
In conclusion, the present study reported that MED15 was upregulated in HCC tissues and that high MED15 expression was correlated with poor prognosis in patients with HCC. To the best of our knowledge, it was revealed for the first time that an association exists between MED15 and human liver cancer, providing valuable information for further studies on HCC. However, detailed investigations are required to better understand the roles of MED15 in liver tumorigenesis and cancer progression.
